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(54) Supercharger 

(57) A supercharger type compressor driven fay an 
Ultra fttgrt speed eiectric motor, having high efficiency 
and providing true air boost on demand. Magnetically 



loaded composite (MLC) rotor teehnoiogy is used in the 
design and construction of the eiectric motor for driving 
a supercharger. 
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Description 

BACKGROUND OF THS iWVEMITON 
Retd of the Invention 

[0001] The present invention is concerned with a su- 
percharger driven oy art ultra high speed electr ic motor, 
having high efficiency and providing true air boast on 

demand.. 

Description of the fteiated Art 

[0002} Mechanically driven superchargers am char- 
acterized toy high efficiency, but suffer from response 
iag. 

£0003] it is well known to use an electric motor to drive 
a supercharger type compressor. See, e.g., US Patent 
4,724,817 {Cook). A major drawback associated with 
the use of eiectric motors to drive rotating impeiier com- 
pressors has been the tin kage between the electric mo- 
tor and the compressor impeller. Thai is, a given com- 
pressor will have a specific speed of rotation of the im- 
peller in order to achieve the compression duty required 
of it. At the same time, an induction eiectric motor will 
have an optimum speed of rotation, at which the torque 
output is at a maximum (and which speed of rotation is 
generally far lower than the operating speed of high 
speed centrifugal compressors). Heretofore, in orderto 
link the compressor with an eiectric drive motor, it has 
been necessary to employ an arrangement of one or 
more expensive gear assemblies in the compressor 
drive, In this way the different optimum speeds of rota- 
tion of the compressor and t he eiectric motor can be ac- 
commodated. However, gearing increases expense, re- 
duces reliability, and increases inertia thus reducing re- 
sponsiveness, 

[00043 The design and operation of a basic electro- 
motor driven supercharger is disclosed, e g., in US Pat- 
ent 4,338,234 (Mayer), The shaft of an electric motor is 
effectively connected to the rotor shaft of a free-running 
pressure wave supercharger for an interna! combustion 
engine via a free-wheel overrunning clutch. In order to 
start a supercharged internal combustion engine, the 
electric motor accelerates the cell rotor (in the case of 
t ijne =xarr luring the short preheating 
period) to a rot; - which ensure* a function- 
ing pressure wave process immediately after the diese! 
engine starts. The ceil rotor is then further accelerated 
by the exhaust gases of the diesel engine and then re- 
leases itself from the drive connection with the eiectric 
motor, which has been put out of operation in the mean- 
time. The electromotor is thus merely a "primer" and 
does not appear to be capable o! rotation at ultra high 
speed (above 20,000 RPM), 

[0005] US Patent 6,193,473 (Mruk, et at) overcomes 
the above problem by using a switched reluctance motor 
to drive the rotating cent if of a compressor 



at ultrahigh speed with no gearing and with the electric 
motor and compressor directly linked. The present in- 
ventor considered that the drive means disclosed in 
Mruk, et af would be expensive, difficult to regulate par- 
s ticuiariy at tower pressures, difficult to integrate into a 
compact compressor of a vehicle propulsion system, 
and difficult to maintain. 

SUMMARY OP THE INVENTION 

(0006] The present invention was made after an ex- 
tensive search for a drive means capable of driving a 
supercharger type compressor at ultra high speed, yet 
providing high reliability and lew product life cost despite 
« road vibrations, engine vibrations, rapid changes in 
ioads and speeds, and changes in temperatures to 
which superchargers are subjected, and wherein the 
drive means is simple in design and easy to manufac- 

zo f0007] These objectives ware accomplished, and 
present invention was made, based on the discovery 
that these and other surprising benefits can be obtained 
when using magnetically loaded composite (ML.C) rotor 
technology in the design and construction of the eiectric 

25 motor for driving a supercharger type compressor. 
[0008] in a preferred embodiment, the MLC motor is 
located centrally on the rotor shaft, a puiley is provided 
at efts and of the rotor shaft, and a compressor wheel 
is provided at the other end of the rotor shaft, with the 

30 MLC motor also functioning as a magnetic bearing. The 
system is as efficient as a mechanically driven system, 
yet is highly superior in that it provides true on-demand 
air boost 

£8009} [0001 0] The MLC motor may be switched via 
35 power electronics to work as an electricity generator. In 
the motor/generator embodiment, the rotor is connected 
via a clutching device to a pulley, which allows a beit to 
provide compressor power and generator drive from the 
engine crankshaft pulley athtgh compressor /generator 
<to speeds and high levels of compressor power consump- 
tion. Such a design is not only simple to construct, it is 
aiso compact, stabie, bighiy reliable, and highly respon- 
sive. 

|0010] [00011} in a further embodiment of the inven- 
ts jion, the MLC motor driven rotary compressor is provid- 
ed in a system, such as a vehicle propulsion system, 
together with a separate generator connected to the 
main engine of the propulsion system, wherein both the 
supercharger motor and the generator are of MLC tech- 
5f nofogy. The generator and the motor are connected via 
power control electronics to provide high compressor / 
generator speeds and high ieveis of compressor power 
consumption as needed. 

[0011] {00012] The foregoing has outlined rather 
ss broadly the more pertinent and important features of the 
present invention in order that the detailed description 
of the invention that follows may be better understood, 
and so that the present contribution to the art can be 
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more fuity appreciated. Additional features of the inven- 
tion wiii be described hereinafter, which form the subject 
of the claims of the invention, it should be appreciated 
by those skilled in the art that the conception and the 
specific embodiments disposed may be readily utilized 
as a basis for modifying or designing other electric motor 
driven compressors for carrying out the same purposes 
of the present invention, it shoufd also be realized by 
those skilled in the art that such equivalent structures 
c'o not depart from the spirit and scope of the invention 
as set forth in the appended ctalms. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[80121, [00013] Forafulierunderstandmgoftbenature 
end objects of the present invention reference should 
be made by the Mowing detailed description taken in 
with the accompanying drawings in which: 

Fig 1 is a schematic showing a MLC powered super- 
charger compressor With a puiley for connect- 
ing to an engine crankshaft; 

Fig. 2 shows a simplified cross-section through the 
supercharger of Fig. 1 , with a bett attached to 
the puitey; and 

Fig. 3 is a schematic showing the arrangement of an 
alternative embodiment of the invention, with 
separate MLC supercharger and MLC gener- 



DfcTAiLED DESCRIPTION OF THE INVENTION 

[0013] [000143 The present invention provides a su- 
percharger type compressor driven at high RPM by a 
magneticaiiy icaded composite (MLC) motor, and pref- 
erably a! so driven as needed, e.g., at peak fcadorwhen 
used as a generator, by an automobile internal combus- 
tion engine via a belt and clutched puSiey. 
[0014] [00015] MLC incorporates magnetic material 
into high strength and high integrity fibrous composite 
structures. Fiber reinforced composites containing mag- 
netic material for rotating components are known in gen- 
eral ■ see, e.g., GB 1370655 and U.S. Pat. No. 
4,508.567; however, these prior art devices are essen- 
tially designed for low speed applications and are un- 
suitable for rotating at the same speed as the compres- 
sor wheel of a supercharger, and thus are no! suitable 
1 ring a 3 jrger type compressor at 

high RPM 

[001 S] [00018] The MLC rotors employed in the 
present invention ate of ins type providing high electrical 
efficiency and ultra-high speed capacity in an electric 
motor/generator. 

[001 S] (00017] An example of an ultra high speed 
MLC motor is disclosed in US Patent 5,477.032 (Tar- 
rant), trie disclosure of which Is incorporated herein by 
reference. This patent discloses that, because of the 
light weight of the rotor, extremely high relational speeds 



can be attained, i.e., above 20,000 RPM, and even 
above 100,000 RPM. 

[80171 [0201 8] Commercially, MLC motors are avail- 
abfe from Urenco Ltd., Marlow, UK. A patent directed to 

s a method for magnetizing a cylindrical body ©specialty 
for use in rotors in electrical devices is disclosed in US 
Patens 8,1 54,352 (Ataiiah) assigned to Urenco Ltd., the 
disclosure of which is Incorporated herein by reference. 
As described therein, by providing the magnetic materia! 

» in separate discrete segments supported by bounding 
layers, instead of forming the magnetic materia! as eeifs 
within a composite body as in Tarrant, the magnetic 
loadi ng can be substantially enhanced, the body is eas- 
ter to magnetiie u niformty and the segments can, if de- 

w sired, be magnetized separately providing far greater 
flexibility- in the magnetic patterning of the cylindrical 
body. 

[0018] [00019] As far as the present inventors are 
aware, literature describes MLC as useful for motor gen- 
orator rotors., high surface speed generators, fiywheels, 
dynamometers, sett-driven rollers, transducers (iinear, 
rotary and acoustic}, actuators (linear and rotary), and 
magnetic bearings (passive and active). However, MLC 
motors Have never been used for the purposes of the 

» present invention. 

fOOtS) (00020) Benefits of MLC include weight reduc- 
tion, simplified intagrai design, high speed, icw inertia, 
greater quietness both mechanieaiiy & alectficalty, po- 
tential In reduce motor air gaps , reduced high frequency 

30 tosses, i.e., no laminations, versatile magnetic patterns 
and numbers of poles, no PM stray fields, elimination of 
the back iron requirement, magneticaiiy anisotropic/Iso- 
tropic, high specific strength and stiffness, and good re- 
sistance to corrosion and chemicais. As described in US 

35 Patent 6, 1 54,352, the use of composites can provide a 
material of relatively high Youngs Modulus but with far 
lower density, thus providing a stiffness and strength to 
weight ratio which Is 3 to 9 times that of steel, This ob- 
viously permits high speeds and fast acceleration. 

40 [8020] [00021] A further benefit of MLC technology is 
that the MLC stator and rotor can also serve as a mag- 
netic bearing, eliminating (at least in part) the need for 
roller bearings which are liable to generate noise and to 
wear, in the preferred embodiment shown in Fig. 1 , the 

45 pulley axle is of course mounted on roller bearings. 
[0021] [00022] In the MLC motor the rotor may com- 
prise a fiber-reinforced plasties material incorporating 
(preferably hard) magnetic filler materia!, the fiber-rein- 
forced plastics material being arranged as a muiti-lay- 

se ered cylindrical portion of the rotor, the magnetic filler 
materia! being disposed within and between the layers. 
Thecyiindrtcai portion may be a hollow tubuiar portion, 
and may be enclosed in a separate wear resistant, layer. 
[0022) [00023] Rotors of the present invention bene- 

ss {iciaity allow an efficient electromagnetic interaction be- 
tween the rotor and a neighboring stator to be main- 
tained along the length of the body of the rotor, and out- 
»i-baSance regions in the rotating mass can be avoided 
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wnen the rotor is employed at high speeds, 
|0023] [00024] The plastics material may be a ther- 
mosetting or cold setting or ihermopiasiic polymeric ma- 
terial, e.g. selected from oris or more of epoxy resins, 
polyester resins, Friedei Grafts resins, pofyimieies, 
poiyamides, polyether suifones and polyether ketones 
{PEEK} optionally together with known hardeners, fiiler* 
and the like. The fibers may be wound as a collection in 
tows They may be wound helically and/or in hooped 
fashion, within the composite. 
[0024] [00025] Preferably, the fibers comprise carbon 
fibers, or may comprise glass fibers, or KEVLAR {pot- 
yaramid) plastics or aluminum tape, boron, nylon, poiy- 
olefin or mixlures of these or any other suitable known 
fibers. 

|0025] [000261 Th « magnetic material employed as 
the said magnetic filler material may be in the form of 
particles, spheroids, whiskers, fibers or the like, with 
powder being preferred The magnetic material may 
comprise iron, nickel, cobalt or an aiioy containing one 
or more at these. It may comprise a ferrite, e.g. barium 
ferrite. Alternatively, and preferably, the material com- 
prises a known hard magnetic materia! (I.e., hard to de- 
magnetise) comprising a rare-earth element such as co- 
bait -samarium or neodymiurn-boron. The magnetic ma- 
terial may suitably be incorporated between tows of fib- 
ers within trie composite. 

[002S] [00027] Since the electric motor driven super- 
charger can be made more responsive, the nee«J!«r de- 
vices SUCh as storage batteries and inertia! flywheels is 
reduced, thereby reducing vehicle weight and improving 
fuel economy. 

{0027} fOOOaSl The electromotor driven compressor 
can be regulated with almost instantaneous response. 
Regulating can be in response to vehicle electrical con- 
sumption, pressure at the engine intake or exhaust, or 
in response to fuel gas input into a t uei cell, temperature, 
gas pedal or brake pedal position, or any combination 
of these or other inputs. 

[0028] £00029] The power control electrics are prefer- 
ably insulated gate bipolar transistors (iGBT). SGBT 
combine the positive attributes of BJTs and MOSFETs. 
SJTs have lower conduction losses in the on-state, es- 
pecially in devices with larger blocking voltages, but 
have longer switching times, especially at turn-off while 
MOSFETs can be turned on and off much faster, but 
their on-stasecc-nductton losses are larger, especially In 
devices rated for higher blocking voltages. Hence, 1G- 
3Ts have lower on-state voltage drop with high. ISSTs 
teature many desirable progenies including a MOS in- 
put gate, high switching speed, sow conduction voltage 
drop, high curre ^frying ipaMiiy, and a high degree 
of robustness, ev i i drawn closer to the 'idsai 
switch', with typical voltage ratings of 600 - 1700 vofts, 
on -state voltage of 1 .7-2.0 volts at currents of up to 1000 
amperes, and switching speeds of 200 - 500 ns. The 
availability ct SGBTs has lowered the cost of systems 
and enhanced the number of economically viable appli- 



cations 

£0029] [00030] Turning now to the figures, Fig. 1 
shows a supercharger/generator combination, wherein 
art MLC motor, comprising rotor 1 and stator 2, can be 
s usadtodrive aeompressorS as required. The MLC me- 
ter can be powered by batteries, by a generator associ- 
ated with an internal combustion motor, orby a fuei cell, 
[0030] [00031 ] St is also possible torthe MLC motcrto 
be switched via power control electronics (see Rg. 3) to 
io serve as an MLC electricity generator driven by positive 
torque from the crankshaft of an interna! combustion en- 
gine (of the periodic combustion type, preferably an in- 
terna! combustion engine of a hybrid combustion/elac- 
trte vehicle) vf a a belt and pulley 4 arrangement or trie- 
's chanicaliy driven by a gear or plurality of gears driven 
by the engine. A variable drive clutch 5 is provided be- 
tween the puffey 4 and the rotor shaft 6 to permit disen- 
gagement of the pulley when compressor wheel and 
pulley rotational speeds are intended to be different. The 
so puiley, when engaged, allows a belt 7 {see Fig. 2), pref- 
erably a mulltvee belt, to provide compressor power and 
generatordrive from the enginecrankshaft pulley at high 
compressor / generator speeds and high levels of com- 
pressor power consumption. The pulley can be driven 
as atabout, e.g., a 3.45:1 ratio relative to the engine crank- 
shaft, for increased rotational speed of the generator ro- 
tor / compressor wheel, relative to engine speed. Of 
course, other ratios can be used. 
{0031] [00032] AHhough element 1 is described here- 
39 in as the rotor and element 2 is described as the stator, 
it is possible to construct a motor/generator wherein the 
rotor is a hollow cylinder rotating about a stator fixed 
axialiy within the rotor. 

[0032] [0OO331 In a preferred embodiment of the In- 
3S vention as shown in Fig. 3, the MLC motor driven rotary 
compressor is provided In a system in combination with 
a separate electric generator driven by an interna! com- 
bustion engine, wherein not oniy the supercharger but 
also the generator is of MLC technology. The generator 
*o ano the motor are connected via power control electron- 
ics to provide high compressor / generator speeds and 
high levels of compressor power consumption as need- 
ed. 

(0033] [00034] The advantages of such a system in- 

*s elude the following: 

[0034] [00035] The supercharger operation Is inde- 
pendent of m crankshaft operation speed or vehicle ex- 
haust ffow mass, thus the system is highly responsive 
[0035] [00036] The rotor and stator of both the super- 

so charger and the generator are highly energy efficient. 
[0036] [00037] The system is particularly suitable tor 
use in Hybrid Electric Vehicles (HEV), particularly for 
meeting She battery charging and steady state operation 
requirements. 

ss £0037] [00038] The MLC generator is driven via me- 
chanical attachment to the engine crankshaft, prefera- 
bly eeupfecJ via a pulley and one-way clutcn arrange- 
ment. 
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[O038| {0003S! Advantages of the overall system in- 
clude high electrical efficiencies - competitive with me- 
chanical drive in efficiency - yet superior in responsive- 
ness and weight reduction as discussed above. The 
system provides try© air boost on demand. [00040] Al- 
though a MLC motor driven supercharger has been de- 
scribed herein with great detail, with respect to interna! 
combustion engine powered vehicles, it will be readily 
apparent that the supercharger is suitable for use in a 
number of other applications such as hybrid or fuel ceil 
vehicles, Aithoogh this invention has been described in 
its preferred form with a certain of particularity with re- 
spect to an automotive interna! combustion compressor 
wheel, it is understood that the present disclosure of the 
preferred form has been made oniy by way of example 
and that numerous changes in the details of structures 
and the composition of the combination may be resorted 
to without departing from the spirit and scope of the in- 
vention. 

{0039} [00041 J Now that the invention has been de- 
scribed, 



7. A compressor assembly as in claim 1 , wherein said 
magnetically loaded composite motor is switchable 
via power electronics to function as an electricity 
generator. 

5 

8. A compressor as in claim t , wherein said magneti- 
cally loaded composite rotor (1) is formed of a ma- 
terial selected from me group consisting of iron, 
nickel, cobalt and alioys including one of iron, mete- 
rs ei, and cobalt. 

9. A compressor as in claim 1 , wherein said magneti- 
cally loaded composite rotor (1 ) is formed of a ma- 
teria! selected from the group consisting of barium 

*s fsrrite, cobalt-samarium and naodymlum-bcron. 

10. A compressor as in daim 1, wherein said magneti- 
cally loaded composite rotor (1) is formed of mag- 
netic particles, spheroids, wiskers or fibers mcorpo- 

20 rated in a thermosetting, cofd setting orthermopfas- 
tic polymeric material. 



Claims 

1 . A compressor assembly comprising: 

a magneticaiiy loaded composite motor includ- 
ing a staler and a magnetically ioaded compos- 
ite rotor {t}, said rotor (1) mounted on a rotat- 
able drive shaft (6); 

a compressor comprising a compressor casing 
including a fluid inlet and a fluid outlet, said 
compressor further comprising an impeller (3) 
located within said compressor casing and 
mounted on said drive shaft (8). 

8. A compressor assembly as in claim t . wherein said 
magnetically loaded composite motor is designed 
for operating at a speed above 20,000 RPM. 

3. A compressor assembly as in claim 1 , further com- 
prising a pulley (4) mounted fixed against rotation 
on the rotor snaft (8). 

4... A compressor assembly as in claim 3, wherein said 
impeiiar (3) is mounted on said drive shaft on one 
side© 3 id itorii nd sid dismounted 
on said drive shaft (6) on the opposite side of said 
rotor (1). 



11. A compressor as in claim 10, wherein said polymer- 
ic material is selected from the group consisting of 

& apoxy resins, polyester resins, Frledel Crafts res- 
ins, poiyimides, polyamides, poryethersulfones and 
potyelher ketones. 

12. A compressor as in eialm 10, wherein saidmagnet- 
30 icafly ioaded composite rotor {1 ) further includes fib- 
ers selected from the group consisting of Carbon fib- 
ers, glass fibers, poiyaramid plastics, aluminum, 
boron, nylon, polyolefin and mixtures thereof. 

3s is. A vehicle propulsion system comprising. 

a propulsion engine; 

a generator connected to said propulsion en- 
gine for generating electricity; 
*o a supercharger for boosting air flow to said pro- 

pulsion engine; 

wherein said generator and said supercharg- 
er both include a magnetic ioaded composite rotor. 

14. A vehicle propulsion system as in claim 13, wherein 
said propulsion system Is selected from the group 
consisting of an internal combustion engine and a 
Sue! cell system. 

53 



5. A compressor assembly as in claim 1 . further com- 
prising a pulley coupelebte to said rotor shaft via a 
variable drive clutch. 

6. A compressor assembly as In claim 1 , wherein said 
magneticaiiy loaded composite motor serves as a 
magnetic bearing system. 
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